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The objective of this thesis is to develop the manufacturing system of a company producing small-
sized metal products. The company is a customer of Incessant Ltd. which conducts the 
development service as a project to its customer. The development is targeted to be achieved by 
applying automation in the manufacturing system with the right extent to improve the performance 
of the company. 
The focus for development in the system is on a brazing process which is the most frequently 
used operation of the company. Before development brazing was performed manually and was a 
comparably long-lasting operation. It was the bottle neck of the system and consequently 
constrained the performance of the company. The aim of the new manufacturing system is to 
improve this brazing process and consequently release the bottle neck and increase productivity. 
At first, essential information about automation and brazing was found out to support the 
development project. The theory was extended to cover profitable manufacturing as well to enable 
considering relevant aspects when designing the manufacturing system. The project begun by 
examining the old system and identifying its challenges. Next a profitable level of automation for 
the company was found and the designing was made according to it. After the preparations the 
project was started and its progress and challenges were reported. 
A special chart for measuring the performance was created and used during the project. It 
includes relevant parameters, such as lead time and productivity, that are researched to be able 
to measure the improvement and compare the systems in the end. Since the final completion of 
the new manufacturing system is not finished yet, the parameters of the new system will be filled 
in the chart when it is introduced.   
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TUOTANNON KEHITTÄMINEN 
KÄSITYÖTUOTANNOSTA 
PUOLIAUTOMATISOIDUKSI 
- Case Juottaminen 
Tämän opinnäytetyön tavoitteena on pienmetallituotteita valmistavan yrityksen tuotannon kehit-
täminen. Kyseinen yritys on Incessant Oy:n asiakas, jolle tuotannon tehostaminen toteutetaan 
kehityspalveluna projektin muodossa. Tuotannon tehostaminen pyritään saavuttamaan oikean 
automaatioasteen avulla lisäämällä teknologiaa asiakkaan tuotantoon. 
Kehityksen kohteena yrityksen tuotannossa on sen juottamisprosessi, joka on yrityksen yleisim-
min käyttämä valmistusmenetelmä. Ennen tuotannon kehittämistä juottaminen tapahtui käsityönä 
ja oli siksi suhteellisen pitkäkestoinen työvaihe. Se muodosti tuotantoon pullonkaulan, rajoittaen 
yrityksen suorituskykyä valmistuksessa. Uuden tuotannon tavoitteena on tämän juottamisproses-
sin tehostaminen, pullonkaulan vähentäminen ja koko tuotannon suorituskyvyn parantaminen. 
Työn alussa tietoa automaatiosta ja juottamisesta kerättiin laajasti tukemaan tulevaa kehityspro-
jektia. Teoria kattaa myös tehokkaan tuotannon eri näkökulmien pohdinnan, jotka oli otettava 
huomioon uutta tuotantoa kehitettäessä. Itse projekti aloitettiin perehtymällä yksityiskohtaisesti 
vanhaan tuotantoon, selvittäen myös sen kokemat haasteet. Seuraavaksi selvitettiin sopiva au-
tomaation taso yritykselle, joka toimi suuntaa antavana ohjeena kehitysprojektissa. Tiedonkeruun 
ja valmistelujen jälkeen projekti aloitettiin ja sen eteneminen ja haasteet kirjattiin ylös koko pro-
jektin ajalta. 
Projektin aikana tuotannon suorituksen määrittelyyn kehitettiin erillinen mittaustaulukko. Taulukko 
sisältää olennaiset suorituskykyä mittaavat arvot, kuten tuotannon läpimenoajan ja tuottavuuden, 
joita on tarkoitus verrata uuden tuotannon arvoihin. Koska uusi tuotanto ei ole vielä valmis, taulu-
kon lopullinen täyttäminen ja vertailu tulee tapahtumaan uuden systeemin tultua käyttöön. 
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1 INTRODUCTION 
Manufacturing evolves continuously and automation is essential for several high-perfor-
mance factories. However, in today’s industries automation has gained a foothold also 
among middle- and small-sized manufacturers due to increased possibilities in technol-
ogy. During the recent years, several companies, regardless of their industry or size, 
have applied more technology in their systems to improve performance and release labor 
from monotonous tasks. It is debated whether automation decreases the employment 
rate or provides more jobs, just among different tasks. 
Automation generally increases productivity and efficiency and enables performing func-
tions that are not achievable to manual labor. Most importantly, automation decreases 
the necessity of human work and consequently allows employees to participate in tasks 
requiring a high level of intelligence, such as development and management. Automation 
may also decrease the lead time of the product and increase profitability, if applied with 
the right extent. 
This thesis focuses on a development project that is conducted by Incessant Ltd. to its 
customer. The target of the project is to improve the manufacturing system of the cus-
tomer by applying automation to its system. The previous system functioned completely 
manually and the aim of the project is to develop it to a semi-automated level. The de-
velopment is targeted to have considerable influences on the lead time, productivity and 
deliveries of the company and are therefore being researched in the project. Due to con-
fidentiality reasons the name of the customer or detailed information about its products 
are not mentioned in this thesis. 
This project includes a preparation phase where the old manufacturing system of the 
company is examined and the possibilities for automation are researched. A detailed 
design of the whole project is made and a new layout for the system is sketched. Next, 
the progress of the project is reported and the challenges it encountered are analyzed. 
Lastly, the current situation of the project is examined and the success of the project is 
evaluated from different perspectives. 
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2 AUTOMATION 
Automation is a term for a technology that enables performing a process without a direct 
human assistance. An automated system consists of one or multiple machines and con-
trol systems that jointly perform a desired operation. Power is required in an automated 
system for driving the process and running the control system. Automation is mostly ap-
plied in manufacturing industries but it is also used in several other areas and industries, 
such as health care, traffic and transportation. (Groover 2014, 71.) 
Automation and its societal effects is a controversial topic, since automation is claimed 
to decrease the employment rate, especially among uneducated workers. On the other 
hand, automation is seen to provide possibilities to keep employees out of monotonous 
and dangerous tasks, allowing more time for designing and developing products and 
systems. Automation also enables reducing waste and producing products that require 
high precision and technology, yet again resulting to modern and up-to-date innovations. 
2.1 Automated production system and its basic components 
The term production system is used to describe a collection of equipment, people and 
procedures that are designed to perform the manufacturing operations of a company. An 
automated production system includes one or multiple manufacturing operations that re-
quire a low level of human participation, due to machines and devices used in the sys-
tem. The operations are performed on a physical product and are, for instance inspec-
tion, processing and material handling. (Groover 2014, 3, 9.) 
Manufacturing signifies the process used to transform raw materials into finished goods. 
The aim of manufacturing is to add value to the goods so that the value of the finished 
product is higher than of the raw materials before processing. Manufacturing includes all 
the tools, machines, material and labor that are used when performing a required pro-
cess (Investopedia 2018). The difference between manufacturing and production is that 
production covers the whole process of creating goods and services (Heizer & Render 
2014, 40). In other words, production is a process that produces outputs by combining 
production inputs (Saari, 2011, 1). 
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There are three basic components that jointly form an automated system. Power is one 
of them and it is needed to perform the process and operate the system. In most cases 
the used power is electricity which can be converted to alternative forms of energy, such 
as mechanical, thermal, hydraulic and light. Power enables performing manufacturing 
and material handling operations by providing energy, consequently allowing machines 
to operate. Electrical power has a wide availability at rather reasonable cost, which 
makes its utilization convenient. To locations where power is difficult to access, electrical 
energy can be transported and preserved by storing the energy in a long-life battery. 
(Groover 2014, 73-74.) 
The second component of an automated system is a program of instructions which is 
needed for directing the process and defining the actions performed by an automated 
system. Generally, a product is an assembly of two or multiple parts, each of which may 
require a unique manufacturing process consisting of smaller steps. During a work cycle 
these steps are performed and a new part is completed in each work cycle. In some 
operations more than one part can be manufactured in one work cycle, depending on 
the manufacturing method being used. (Groover 2014, 76.) 
Control system is the third basic component in an automated system and it is required 
for executing the program of instructions. An automated process accomplishes the re-
quired functions with the guidance of a control system enabling manufacturing operations 
to be performed. The controls in an automated system can be divided into two catego-
ries, closed and open loop systems, depending on the need to measure the quantity of 
the output. Closed loop system increases the control of the system by adjusting itself 
with the assistance of feedback signals. In contrast, an open loop system functions with-
out the feedback loop, meaning that the output variable is not measured in the process. 
(Groover 2014, 79-80.) 
2.2 Common devices in automated production 
Some of the most commonly used devices in automation are designed to perform differ-
ent kind of manufacturing functions. These devices are usually machines and equipment 
that execute a required manufacturing or assembly operation for producing the final prod-
uct. They may be machines for forming, assembling, cutting, welding or other operations 
essential for the process. A generalizing device in today’s systems is an industrial robot 
which usually operates with a higher level of automation than common manufacturing 
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machines. Nevertheless, in every machine and robot an essential device is needed to 
convert energy to the required form. In automated systems this device is usually a motor 
or an engine. There are several kinds of motors and engines available, depending on its 
required properties and the used energy source. 
In an automated production system, devices and machines are commonly used for ma-
terial handling operations as well. Material handling means the movement of materials 
and products through a process, for instance manufacturing and storing, (Groover 2014, 
279). Conveyors and assembly lines are used to shift materials and products rapidly from 
one procedure to another and place them precisely as required. There are several types 
of conveyors, such as belt- and chain conveyors and they are used in a wide variety of 
industries. Machines may also be applied before and after a manufacturing process to 
load and unload materials and store products when completed. 
Different kind of monitoring devices and sensors are commonly used in automation. They 
detect the movement or place of an object and transmit information forward enabling 
functions to be performed precisely. Sensors can also be applied for safety issues to 
transmit the command to stop the process when detecting something unusual. Lastly, 
adjustment devices and actuators are frequently used to adjust different quantities, such 
as temperature and flow or to control other components in the system. (Aaltonen & Tor-
vinen 1997, 14.) 
2.3 Levels of automation 
There are multiple different understandings of levels when it comes to automation. Fig-
uring out the optimal level of automation is essential to be able to achieve maximal ben-
efits of the system, while not leading to unnecessary high costs. 
The automation level in manufacturing can roughly be divided into three categories: Man-
ual, semi-automated and fully automated levels. In a manual level manufacturing system 
all the processes are performed by human workers and automation is not used in any of 
the processes. In a semi-automated level one or multiple process in a system is per-
formed by a machine but at least one is still conducted manually by human workers. 
Finally, in a fully automated level all the processes of a manufacturing system are auto-
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mated and the system functions without a direct human assistance. Manufacturing sys-
tems can easily be discussed by classifying them into these categories since they in-
stantly indicate the level of automation in the system. 
For more extensive comprehending of automation levels, there are different divisions 
into more detailed categories. According to the Adaptive Automation book by Inagaki, 
the levels of automation can be classified into ten different levels which are listed in the 
Figure 1. 
 
Figure 1. Levels of automation, (Inagaki 2003, 31). 
The lower the level of automation in this classification is, the more the system involves 
manual workers. On the contrary, when the automation level is high, manually performed 
tasks are limited or nonexistent. The most positive effects of automation can be expected 
when choosing the best suitable level of automation individually for every system. If the 
system is under automated, which means the level of automation is too low, the full utili-
zation of resources and devices is not achieved. Consequently, the share of the produc-
tion costs may be too high when comparing the price of the final product to its manufac-
turing costs. Efficiency is low as well as the prediction of the deliveries. Safety and ergo-
nomics of the human workers may also be low if the system is under automated. (Inagaki 
2003, 36.) 
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When a system is over-automated the best profitability of automation is still not achieved. 
Automation level being too high, the result is sometimes over production which conse-
quently increases the storing costs of the product. Manufacturing system may also be 
overly complicated or expensive to function if machines and devices are applied exces-
sively. The flexibility of the system may decrease due to excess automation and the 
maintenance of the system requires high investments. (Inagaki 2003, 36.) 
The appropriate level of automation, also referred as “rightomation”, can be achieved 
with a careful examination of the manufacturing system. Automation strategy is part of 
the manufacturing strategy which consists of a plan and the type of action required for 
achieving specified objectives. The relation of rightomation to competitiveness can be 
seen in the Figure 2 below.  
 
Figure 2. The appropriate level of automation, (Inagaki 2003. 36). 
The level of automation on the X -axis has values from one to ten, based on the levels 
in Figure 1. The rightomation indicator can be found on the highest point of the curve 
and it indicates the right level of automation for the system. On the Y -axis competitive-
ness indicates the profitability in each situation of the system, when it is under auto-
mated, rightomated and over automated. 
2.4 Advantages of automation 
A transition from a manual work production to an automated production may have sig-
nificant effects on various sectors of a company. It renews the necessity of human work-
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ers and preferably improves the issues concerning the general safety of employees. Au-
tomation has an impact on the lead time of the product as well as on its quality and 
repeatability when produced. In the end, automation is targeted to increase efficiency in 
the system and reduce production costs, consequently decreasing the price of the final 
product. (Groover 2014, 12.) 
The purpose of automation in a system is to decrease the necessity of direct human 
assistance and make the production more efficient when considered from several differ-
ent aspects. When tasks are performed by machines, lead time of the product generally 
decreases. Machines operating manufacturing or material handling processes, the re-
duction of the elapsed time between the order and the final delivery is enabled. When 
the level of output per hour of labor input increases, the productivity of the system is 
improved. Shorter lead time also results in decreased work-in-process inventories which 
affects the costs positively and allows a clearer examination of the manufacturing system 
to be made. In addition, the lead time of the product may be more easily estimated due 
to automation since the production speed does not depend on several external factors. 
(Groover 2014, 12.) 
Automated production system can perform processes with greater accuracy and repeat-
ability than manual workers are able to. It enhances the conformity to quality specifica-
tions since the tolerances decrease. Operations that are not achievable by human work-
ers are also enabled due to automation since these operations may require precision, 
miniaturization or high force and can only be accomplished by a machine. Therefore, 
quality can be increased for there are more manufacturing methods available. Also, pre-
dictability of quality becomes more stable due to increased accuracy and repeatability 
which allows stable production rates. (Groover 2014, 12.) 
Automated system is generally more reliable than human workers since machines func-
tion constantly with the same level of efficiency. The necessity of anticipation for unex-
pected absence of workers decreases, as well as the prospective shortage of qualified 
workers. Possible breaks in production can easily be prevented with a constant mainte-
nance, whereas the needs of human workers during a work cycle are more difficult to 
predict. Automation also results in a more pleasant and safe environment for workers 
since a machine can perform tasks that are harmful or dangerous for humans. It can 
operate tasks involving heat or toxics, enter narrow or risky spaces and lift heavy items. 
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In an automated system the tasks of human workers are usually supervising and main-
taining machines, resulting in a decreased amount of occupational accidents. (Groover 
2014, 12.) 
Automation generally enhances efficiency in many factors since the throughput of prod-
ucts increase. The utilization of space and other resources, such as human employees, 
is higher and it has effects on efficiency from different aspects. When stages in produc-
tion are replaced by a machine, human workers are enabled to be used in production 
monitoring or management sector. The skills of human workers are therefore more ef-
fectively utilized when employees are allowed to perform tasks that require intelligence 
or creativity. For that reason, automation provides an indirect improvement on quality 
since it enhances the possibilities of product development. As a result, the product may 
contain more functions or better level of quality, consequently possessing a higher value 
than before. (Groover 2014, 12.) 
The overall operating costs of the production generally decrease due to automation. Re-
duced labor costs and work-in-process inventories usually have the most notable impact 
since they occur frequently. Increased quality and repeatability also decrease the fre-
quent costs since less faulty products are being produced. This reduces the amount of 
wasted material and valueless operations. Due to safer working conditions, costs result-
ing from injuries or accidents of workers are less likely to occur. Furthermore, sanctions 
resulting from overdue deliveries are more improbable with automated operations. 
(Groover 2014, 12.) 
Lastly, automation is becoming a trend in industrialized societies and may consequently 
affect the company’s image. Automated manufacturers are commonly seen more reliable 
and quicker than manual producers and are therefore preferred in many fields of indus-
tries. Since the manufacturing speed is more constant, the consistency of output is im-
proved. In an automated system, it is easier to detect the process that consumes time or 
effort excessively and therefore needs development. Companies that have not adopted 
automation in their manufacturing system may be in a disadvantageous position com-
pared to a one that does automation, due to reasons concerning image and reliability. 
(Groover 2014, 12.) 
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2.5 Disadvantages of automation 
There are some disadvantages in automation that may affect the decision of automating 
a production or manufacturing system. Not every desired task is achievable with current 
technology or in some cases the process would become overly complicated. Consistent, 
repeatable and high-volume processes are typically advantageous when automated. On 
the contrary, a process with a wide variety in size, operations or production batches may 
become more expensive when automated than sticking to manual performing. (Lamb 
2013, 2-3.) 
A transition from manual work production to automated production always requires fi-
nancial resources. Automating a new process, not to mention constructing a new plant, 
may require high initial investments. Designing a new production system, re-training la-
bor and purchasing machines also create high expenses. Consequently, automation re-
quires financial capital and is often the most substantial reason to stick in manual work 
production. (Lamb 2013, 2-3.) 
From the manufacturer’s perspective, predicting the economic advantage of automating 
a process may be difficult since some results can not be seen until the test run of the 
new system is performed. For instance, predicting the research and development cost 
of an automated process is challenging and has a notable impact on profitability. How-
ever, information about similar projects conducted previously can help with estimating 
the final costs and results when designing the renewal of the manufacturing system. 
(Lamb 2013, 2-3.) 
Lastly, when a system is automated, it functions depending on the components of the 
system. A failure in a component instantly leads to lost production or producing parts that 
do not fill the quality requirements. Consequently, a new department for skilled mainte-
nance may be required to retain the system in proper order and avoid stops in production. 
This leading to more expenses, a manufacturer may decide not to invest on a mainte-
nance department, which can later cause stops and lost production. (Lamb 2013, 2-3.) 
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3 BRAZING 
Brazing is a technology for permanently joining two or multiple pieces of solid materials 
with the use of a filler metal. Brazing is an assembly operation and more specifically a 
permanent joining method. A filler metal is always required in brazing since the base 
metals do not melt in the process. The quality of the brazed joint is primarily depending 
on the base- and filler metal materials and the conditions of the operation. (Jacobson & 
Humpston 2005, 3.) 
3.1 Fundamentals of brazing 
Brazing is one of the methods used for solid materials to create assemblies of two or 
more components with the use of a filler metal. The melting point of the filler metal must 
be lower than the base metals’ but above 450C to be classified as brazing. Brazing differs 
from soldering in that soldering is performed in a temperature below 450C. Since brazing 
requires heating to a high temperature, it can not be used for every material, for instance 
plastics. (Jacobson & Humpston 2005, 3.) 
In a brazing process the base metals and the filler metal are heated until they reach a 
temperature where the filler metal melts. Having turned liquid, the filler metal is distrib-
uted by capillary action forming a permanent bond between the metals. Subsequently, 
the components are cooled to complete the bond. When the filler metal solidifies it joins 
the components with a metallurgical reaction. Brazing does not involve melting of the 
base metals since only the filler metal melts. There are several types of filler metals and 
it is often pre-placed or applied from an external source. (Schwartz 2003, 10.) 
Occasionally brazing process requires a flux to be used if atmospheric air can access 
the joint (Nilsson etc. 2004, 6:3). One of the properties of metals is reacting with the 
constituents of the atmosphere and these reactions accelerate in high temperatures 
(Schwartz 2003, 243). The objective of a flux is to prevent harmful reactions, i.e. oxida-
tion, from occurring since they may reduce the quality of the metals or the joint. Flux can 
be applied in different forms, such as paste or powder, and must be placed evenly, com-
pletely covering the surfaces. At the brazing temperature the filler metal replaces the 
flux, assembling the parts being brazed. In some operations the formation of joints is 
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promoted by controlled atmospheres and they are primarily used for high-temperature 
brazing. (Schwartz 2003, 266, 243). 
3.2 Brazing methods 
There are several different brazing methods available, depending on the materials and 
the desired joint. Methods typically differ from each other by the source of applied heat. 
Before choosing a brazing method the characteristics of the assembled metals and the 
used filler metal need to be observed. In addition, production volume is an important 
aspect to consider since different methods suit for diverse production quantities. 
A widely used method is flame brazing, also known as torch brazing. The heating is 
executed by using a gas flame which is usually a mixture of different types of gas, such 
as air, hydrogen, propane or oxyacetylene. When selecting a fuel gas, the required tem-
perature and the cost of the process usually possess the greatest importance. Flame 
brazing can be performed with a hand-held torch or machine-mounted burners. Flux is 
generally required in flame brazing, apart from some exceptions. Flame brazing is a flex-
ible method and it is advantageous in many processes. It is also rather simple to auto-
mate and it enables producing strong and consistent joints. (Schwartz 2003. 21-22.) 
Furnace brazing is a process primarily preferred in medium- or high-volume productions. 
In the process the base metals and the filler metal are heated in a furnace creating a 
joint without direct manual performing. Furnace brazing is profitable in mass production 
due to its possibility for high throughput. It is also applied in several automated systems 
since the tasks of human workers mainly consist of supervising the operation and no 
high-skilled labour is required. On the other hand, furnace brazing requires relatively high 
investments and power consumption. (Schwartz 2003. 23-24.) 
Dip brazing is one of the brazing methods and it is performed by immersing the metals 
in a heated bath. The bath consists either of molten metal or flux and molten salt. The 
assembled parts are held together in the heated bath and when the assembly reaches 
the temperature of the bath, bonding metal flows into the joint. Lastly, joint parts are 
carefully removed from the bath and usually cleaned afterwards. Dip brazing is a rather 
simple and cheap method and suits best for daily production. (Schwartz 2003. 32-33.) 
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There are multiple other brazing methods that are classified by the sources of applied 
heat. For instance, induction brazing is conducted by using a high-frequency power sup-
ply to heat the metals thus creating the joint. Another source of heat in, for instance, 
resistance brazing, uses an electric current flowing through metals heating the joint area. 
When considering the right heating method, the sizes of the workpieces must be meas-
ured or evaluated since large parts require more heat than small ones. (Nilsson etc. 
2004, 6:3.) 
In addition to the methods mentioned, there are multiple other brazing methods availa-
ble, such as diffusion, laser and exothermic brazing. However, this thesis only focuses 
on the ones that are relatively easy and cheap to automate and therefore prospective 
options for the upcoming development project.  
3.3 Creating a brazed joint 
Before starting the brazing process, a careful preparation is essential for creating a 
proper joint. Being aware of the characteristics of the components is important for brazing 
since melting points and material behaviour under heat may vary widely. The chosen 
brazing method must suit for the metals being assembled and the properties of the base 
metals must be examined carefully to avoid faults in quality. If the properties of the base 
metals differentiate notably, thermal expansion may cause reactions in the metals that 
decrease quality and strength. It must also be ensured that the used filler metal is suita-
ble for both base metals and to know the temperature of its melting point. In addition, if 
a flux is being used in the process, it needs to be appropriate for all the metals and the 
temperature of the filler metal. (Schwartz 2003, 17-18.) 
In order to create a strong joint, an appropriate shape of the joint must be designed. 
Since brazing functions by using capillary action, the joint must be unbroken and provide 
a proper flow for the filler metal. The strength of the joint depends considerably on its 
shape. In a strong joint, parts are placed to form a parallel gap between each other and 
square corners near the joint area provide better support than round ones. It is also im-
portant to be aware of the possible changes in the joint size since the parts expand when 
heated. The most common joints can be classified in two different categories, depending 
on the placing of the pieces. When the ends of the pieces are attached by brazing the 
joint is called a butt-joint. A butt-joint suits best for situations where the strength of the 
joint is not the main objective, but rather the shape or appearance of the assembly. If the 
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joint is required to be at least as strong as the weaker member of the assembly, a lap-
joint is usually preferred over a butt-joint. In a lap-joint, the surfaces of the pieces are 
attached instead of the ends, resulting in a larger area of joint. (Schwartz 2003, 17-18, 
20). Figure 3 illustrates the two different joint types and strong and poor versions of both. 
BFM is an abbreviation of Brazing Filler Metal. 
 
Figure 3. Butt-joint and lap-joint, (Schwartz, 2003, 20). 
Other parameters affecting the quality of the joint are temperature and time. The opera-
tion temperature should be kept as low as possible but high enough to melt the filler 
metal. The same applies to the brazing time since the assembly should not be heated 
longer than what is required. Shorter heating time is preferred to be able to minimize the 
transformations in the base metals and to be economical with energy consumption. 
(Schwartz 2003, 20-21.) 
The last step before starting the process is to clean the metals thoroughly to make the 
assembly nearly oxide-free and contain no inappropriate materials on the surfaces. 
When the cleaning is finished the brazing process can be started. Depending on the 
chosen brazing method, the process is performed and the assembly is cooled and 
cleaned. This being completed the assembly is created and the brazing process is fin-
ished. 
20 
TURUN AMK:N OPINNÄYTETYÖ | Noora Orvasto 
3.4 Advantages and limitations of brazing 
Brazing is a flexible method of joining and is therefore beneficial for several manufactur-
ing cases. Assemblies with a complex geometry, joints that are difficult to access or as-
semblies including thick and thin sections are often achievable by brazing. Brazing is a 
multi-purpose method because it can be used to join dissimilar materials and to attach 
cast materials to wrought metals and non-metals to metals. (Schwartz 2003, 3-4.) 
A brazed joint is considered high in strength when properly made. A proper joint is uni-
form and leakproof and its strength is equal or greater than of the base metals. A brazed 
joint also preserves many metallurgical qualities of metals since no melting of the base 
metal occurs. Relatively easy component alignment and even heating enables precision 
in production tolerances which may be a notable advantage in a process. (Schwartz 
2003, 3-4.) 
In addition, brazing is a rather easy method to automate and it is suitable for mass pro-
duction. Due to several different brazing methods there are multiple options available for 
different circumstances and production volumes. Brazing does not require highly com-
plicated machines or devices and the equipment is comparably inexpensive. For that 
reason, brazing is a possible operation for automation, also for small-sized companies. 
(Schwartz, 2003, 3-4.) 
One of the limitations of brazing is the strength of the joint. Despite the fact a brazed joint 
is relatively strong, a welded one is usually stronger. That is because softer filler metals 
are preferred in brazing which affects the final strength of the joint. Also, depending on 
the circumstances joint metals are later used in, a brazed joint can damage occasionally, 
for instance, under high temperature. Lastly, brazing causes some risks concerning 
safety when it comes to the human employees. Temperature being at least 450C, acci-
dents are probable, especially if the process is performed manually or incautiously. An-
other safety issue is the fume caused by the flux since it can be dangerous when 
breathed or cause irritation in the eyes. (Schwartz, 2003, 4.) 
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4 PROFITABLE MANUFACTURING 
Profitable manufacturing is a result of several different aspects designed properly. Prof-
itability is closely connected to effectiveness, which refers to the aim to achieve the most 
value for the company by doing things it requires (Jacobs, 2011, 47). The internal effec-
tiveness of a company or manufacturer can be seen to consist of four main groups. 
These groups are lead time, turnover, productivity and quality. Lead time grouping in-
cludes the speed of the whole chain, from placing an order to the delivery of the specific 
product. Turnover contains the revenue and profits of a company and its tied-up capital, 
which may be investments, for instance machines. Productivity in this case can be meas-
ured from several different aspects, depending on the manufacturer. Completed prod-
ucts per employee or operations per square meter are some examples of relevant meas-
urements for some companies. Lastly, quality grouping includes all the expenses result-
ing from quality and the percentage of default in the produced products. (Kamensky 
2000, 194.) 
It is up to the manufacturer which aspects to highlight when designing or developing a 
system. A profitable production system always requires individual designing, depending 
on the products and processes being used. However, there are some guidelines that 
may serve as key factors to successful manufacturing and production, regardless of the 
industry or products. In general, products being produced should meet the demand when 
in the market but preferably not be overproduced or maintain high stocks. It is also ad-
vantageous for the system to have some level of flexibility to be able to respond the 
changes in demand. The product should also fulfil the requirements of the customer by 
its features and quality. Finally, to practise a profitable business, the costs of the produc-
tion should not exceed the selling price of the final product to be able to profit from the 
business. 
4.1 Lean 
Lean represents a systematic method that aims to improve the utilization of available 
resources and to reduce waste in a system. The method consists of a collection of tools 
that assist following its main principles. Lean was developed from a philosophy previ-
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ously used by Toyota Motor Corporation and extended to benefit several types of indus-
tries. Nowadays, lean is widely used not only in manufacturing industries but also in other 
sectors and companies, such as restaurants, banks, education systems and hospitals. 
(Hansen 2016, 230.) 
Identifying the value of a customer and optimizing the process from the customer’s per-
spective is an important objective of lean. Constant improvement is highlighted, which 
contains the idea of a process or system never being able to achieve the state of perfec-
tion. According to lean, the system must be developed and upgraded constantly with the 
specific tools defined in the method (Heizer 2014, 676). These tools are 5-S process, 
seven deadly wastes, TAKT time (standardized work flow), value stream, Kanban (pull 
system), Jidoka (quality at the source), Poka-Yoke (error proofing) and just-in-time 
(Smith & Hawkins 2004, 19). 
Waste is in a key position in lean and it is defined to be anything that adds costs not 
adding value to the product from the customer’s perspective (Hansen 2016, 230). Lean 
method presents seven types of waste that should be minimized as effectively as possi-
ble. These types of wastes are transportation, inventory, motion, waiting, overproduction, 
processing and defects. All the excess movements, work in process inventories, inter-
ruptions in production, faulty products and other valueless causes for costs are included 
in these categories (Smith & Hawkins 2004, 19). By reducing inventory, reasons for 
waste usually become more visible. These may be, for instance, long set-up- and lead 
times, which are covered by high inventories not showing the necessity for improvement. 
System capacity also tends to stay hidden for there are products constantly available in 
the inventories. 
Just-in-time (JIT) is one of the tools of lean and it is an idea of producing what is required 
exactly in the right time and no more of quantity than what is necessary. The target in 
JIT is always the minimum level and anything over it is considered as waste. That implies 
even if the part or product would be used later because the effort and material are not 
utilized on the current moment. JIT suits best for producing anything repetitive, regard-
less of the volume. The goal of JIT is to shorten lead times and minimize inventories, 
therefore making the process more efficient and its problems visible. (Heizer & Render 
2014, 664-665.) 
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Lean method encourages companies to train its employees and increase their respon-
sibilities. It is seen beneficial to remove unnecessary rules and regulations of employ-
ees to enable performing and assisting tasks that may be outside one’s job classifica-
tion. For that reason, lean does not support dividing the total work into many different 
categories of tasks where every employee is only capable of performing one. Flexibility 
is seen to increase the utilization of employees for they are able to use their skills more 
effectively and help each other when needed. (Groover 2014, 45.) 
4.2 Production volume and technology level in production 
When designing the production volume, several different factors affect making the deci-
sion. Production strategy generally possesses the most notable importance because it 
defines the production rate and shelf life of a product. Production processes can be clas-
sified into two categories depending on the aim to use an inventory. Make-to-order sig-
nifies a process which only activates when responding to an order. Inventories are min-
imized in this type of process and producing a product does not begin before there is an 
actual demand for it. Make-to-order is typical for custom-made products that may include 
unique properties or components. In contrast, make-to stock process produces a high 
volume of products which wait in an inventory until an order is placed. This kind of pro-
cess is preferred when producing standardized products in high volumes since the prod-
ucts are produced above the current demand. Therefore, only standardized products suit 
for make-to-stock and the demand of the products must be probable. (Jacobs, 2011 149-
150). Besides the manufacturing volume, the chosen production process also affects 
material purchases, required equipment and the level of skills of the employees (Ebert & 
Griffin 2013, 191). 
Other common strategies for production are assemble-to-order and engineer-to-order. A 
company using assemble-to-order strategy has the basic parts of the product produced 
and stored in a stock, which are later assembled according to an order. When using 
assemble-to-order, the offered products may be a little more customized than in make-
to-stock, since the product can be assembled from parts according to the customer’s 
desire. Engineer-to-order strategy is used when the target is to offer a high level of cus-
tomization in the products or services. An engineer-to-order company works together 
with its customer to design a required product and then produces it as planned. The 
difference between engineer-to-order and make-to-order strategies is that the latter does 
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not include the designing process but only the completed custom-made product. (Jacobs 
2011, 197.) 
The necessity of an inventory generally depends on the stability of the demand when 
considering the products of a company. The demand may vary seasonally or occasion-
ally and being aware of the variation is essential when designing the inventory. The high 
season of a product may be, for example on winter, summer, weekends, or a certain 
period of time each year. To respond the variation in demand a company should adjust 
its inventory to suit best for the situation. In some cases, stabilizing the production may 
be beneficial, meaning that the production rate stays rather constant and overproduced 
products are stored in inventories. On the contrary, if the volume is made flexible, the 
production can be adapted according to the demand and the inventory level may be kept 
low. However, this presumes a short lead time of the product to be able to get them to 
the market on time. Naturally there are options between these solutions containing dif-
ferent levels of inventories. The characteristics of the product and the variation in its 
demand mainly define the best suitable option for each company. (Slack etc. 2006, 278-
279.) 
Applying technology in the right extent helps making the process fast and cost-efficient. 
Though technology does not necessarily mean automation, the same guideline applies 
to utilizing “rightomation”. Generally, the proper level of automation depends on the va-
riety and volume of the produced products and a guideline for finding the appropriate 
level is illustrated in the Figure 4 below. 
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Figure 4. Level of technology (Slack etc. 2006, 118). 
Typically, manufacturers producing products with a low volume and high variety have a 
lower level of technology than a company with a high volume and a low variation (Slack 
etc. 2006, 117). A manufacturer with a high variation in the products may use machines 
and equipment for general purpose since they are able to perform several kinds of activ-
ities. On the other hand, it is advantageous for a manufacturer with a high volume and 
low variety to apply technology that is more dedicated. Accordingly, the level of technol-
ogy depends on the variety and volume of the production. 
4.3 Flexibility and customization 
Flexibility in a manufacturing system represents the system’s ability to manage changes 
and maintain performance despite disturbances. A flexible system focuses on the end 
customer and possesses a fast throughput of the products that meet the customers’ de-
mands. When described agile, a manufacturing system is able to cope with changes that 
are caused by external factors, such as nature, and variations in the customer demand 
or supply capabilities. (Slack etc. 2006, 213.) 
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Agility is generally seen as the opposite of the idea of lean because an agile system 
tends to focus on responsiveness and flexibility, while a lean system emphasizes effi-
ciency. An agile system highlights high service level and has an inventory generally close 
to its customers. Consequently, the system is able to provide products or services re-
gardless of changes in customer demand. An agile system tends to have a short lead 
time and a high variety in its product range. This kind of system may be specialized in 
custom-made designs or in rapidly changing seasonal products. (Slack etc. 2006, 214.) 
If the predictability of the variation in demand is high, the product range may be small 
and the stocks can be kept low. On the contrary, when the variation in the demand is 
difficult to predict, the system faces challenges fulfilling the requirements of the customer. 
In these occasions, a manufacturing system producing a wide variety of products or hav-
ing a high level of customization may be beneficial (Slack etc. 2006, 250). If the produced 
products only vary partially from each other it is advantageous to use same pieces as 
widely as possible. Standard parts used for assembling, such as screws and nuts, make 
the assembly easier and more flexible. These parts also affect the purchases of the man-
ufacturing company, since the quantities are more easily estimated and may be ordered 
in larger batches. 
To improve flexibility in the system, setup times need to be reduced. Set up time is the 
time elapsed when the process is being changed from an activity to another. It includes 
searching for tools, preparation and the time used for the actual change. To reduce setup 
times, it is advantageous to prepare the change while the machine is still running. This 
shortens the time elapsed between the machine is stopped and until it is running again. 
The tools for executing the change should be available and easy to use so that they 
perform all required tasks rapidly. Lastly, the change of equipment may be facilitated by 
using machines or devices, such as conveyors. (Slack etc. 2006, 357.) 
4.4 Speed in manufacturing and different layout types 
Lead time in a production system describes the elapsed time raw materials move through 
the chain and become a complete product. In purchasing systems lead time is referred 
as the time taken for a customer to receive a requested product. However, this definition 
is not relevant when considering profitable manufacturing, because a good performance 
would be achieved by simply maintaining high stocks. For that reason, focusing on the 
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lead time in production is more relevant when the target is improving manufacturing pro-
cesses (Heizer & Render 2014, 524). The term speed is used similarly as lead time: the 
better the speed in a manufacturing process is, the shorter lead time it possesses. A 
short lead time is generally an advantage since it provides more accurate responses to 
demand and probably lower manufacturing costs than long lead times (Slack etc. 2006, 
40-41). 
Throughput time measures the rate at which goods go through a manufacturing process. 
To increase throughput lean presents a standard tool called pull system or as it is some-
times referred, Kanban. The pull system functions by pulling a unit exactly where and 
how it is needed with the help of signals from different stations. Consequently, waste and 
inventories are reduced, for the materials move in small lots and in the required amounts. 
Inventory being removed, problems in the system become more visible and constant 
improvement is enabled. Pull system generally decreases costs and allows scheduling 
processes and overall performance. (Heizer & Render 2014, 664.) 
Work-in process (WIP) is the number of unfinished units or raw material in a process. 
Work-in process inventories are in a close relation to cycle time, which is the total time 
producing a product, and a reduction in cycle time consequently decreases the inventory. 
If the level of work-in-process units in the system is high, developing the manufacturing 
system may be challenging since these unfinished products tend to hide the problems of 
the system. For that reason, a small WIP-inventory is more advantageous than a large 
one and therefore a target for many manufacturers. (Heizer & Render 2014, 512-513.) 
To create a manufacturing process with a short lead time and small WIP-inventory, the 
layout type must suit the volume and variety of the produced products. Four basic layout 
types are explained in this thesis and they are illustrated in the Figure 5 below.  
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Figure 5: Process layouts (Slack etc. 2006. 113.) 
A fixed position layout suits best for manufacturing and operating large or delicate ob-
jects, such as space ships or human patients. People, equipment and machinery perform 
the operation and move if necessary, while the object itself is fixed to its place. This 
differs from the other three layout types where the processed objects are moved through 
the process and the equipment generally stays in place. (Slack etc. 2006, 114.) 
Functional layout is arranged so that similar activities or resources are placed together 
or close to each other. The route of the processed objects goes through the stations the 
specific product needs. This layout is generally used in systems that have several prod-
ucts requiring different kind of operating or performing. An example of this layout is a 
supermarket, where some products may be kept in the same place, not because they 
are a same product, but because they need similar maintenance, such as refrigeration. 
In a functional layout manufacturing the route of the processed product is not necessary 
straight or simple but it can proceed here and there and return to stations it has already 
been before. (Slack etc. 2006, 114.) 
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In a cell layout manufacturing, preselected materials move to one cell of the system 
which fulfils their immediate needs by performing a required operation. Then the pro-
cessed materials move to another cell which performs the next operation. The layout and 
operation plan may be designed individually inside each cell depending on what suits 
best for each process. This kind of layout may be used, for instance, in a car industry, 
where one cell is responsible for forming larger parts, one for assembling and one for 
painting the car. Cell layout generally has a fast throughput but does not always utilize 
the plant and its resources completely. (Slack etc. 2006, 114.) 
Product layout is arranged based on the convenience of the resources. Products move 
through a pre-designed route, usually on a conveyor, and the stations are placed based 
on that route. Each station participates in conducting the operations on the product in 
small parts. This type on manufacturing suits best for high production volumes and stand-
ardized requirements, such as assembly lines in a large manufacturing company with a 
low variety in products. (Slack etc. 2006, 115). 
The chosen layout type has a remarkable impact on the lead time and throughput of the 
manufacturing system. Changing a layout always requires investments and is therefore 
advantageous to design carefully. When not designed properly, an extra cost occurs 
every time an object is processed and the overall costs of the production may increase 
notably.  
4.5 Quality and product development 
Quality can be described as the characteristics of a product proving its suitability for its 
purpose and satisfying the expectations of its customer. To consider quality is essential 
for every successful manufacturer and is therefore planned before producing any prod-
ucts. When examining quality, performance refers to the product’s ability to function in a 
way it is supposed to. Stable results in performance are a precondition for quality and is 
called consistency. In other words, consistency is the frequent sameness in the level of 
quality in a product. (Ebert & Griffin 2013, 197.) 
Investments in quality improve the competitiveness of a company by two major ways. 
Costs resulting from occurred mistakes decrease since the overall quality has improved. 
Enhanced quality also increases the level of satisfaction from the customers and there-
fore strengthens the positive image of the company and quality-price ratio of the product. 
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For the companies that do not focus on quality, direct and indirect consequences may 
become expensive. Depending on the industry, compensations from unsatisfying prod-
ucts vary widely and are generally highest with the products concerning health or medical 
issues. (Lehtonen 2004, 154.) 
Before improving quality, a thorough understanding of the product and its purpose must 
be achieved. Mistakes and challenges in the functioning of the product have to be rec-
ognized and developed in order to solve the problem. A commonly used tool for problem 
solving is the PDCA (Plan, Do, Check, Action) method that is demonstrated in the Figure 
6. In the plan-phase, the problem is being identified and measured and probable hypoth-
esis are being created. Do-phase contains the testing of the hypothesis and the results 
are being examined in the Check-phase. Conclusions being made, the solutions are be-
ing implemented in the Action-phase. (Lehtonen 2004, 156.) 
 
Figure 6: PDCA chart, (Lehtonen 2004, 156.) 
Solving a challenge considering quality usually results in an improved procedure of man-
ufacturing. To be able to measure, describe and compare the properties of quality, an 
organized quality system has been designed and it is widely used in many industries. 
ISO9001 is the most commonly known quality standard and it defines the minimum re-
quirements of quality in a system. Its main objective is to indicate the policies of a com-
pany and guarantee the satisfaction of the customer concerning quality. (Lehtonen 2004, 
158.) 
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Actions of product development are sometimes required to solve different issues in qual-
ity. However, a successful manufacturer invests time and resources in product develop-
ment constantly. Since the lifespan of a product is usually limited, improving the products 
to meet the existing requirements is essential. In addition, the importance of fulfilling the 
expectations of the customers has changed over the years and custom-made products 
are increasingly often expected. Therefore, improving the products and their processes 
has become an even more notable aspect for successful manufacturing than how it has 
been before. (Lehtonen 2004, 246, 248.) 
In a situation where an abrupt demand for a certain kind of product appears, the first 
company offering it to the market tends to get it widely adopted. Consequently, in some 
cases getting the product to the market is more crucial than a perfect product design or 
a highly efficient manufacturing system. Considering this, product development may 
have different strategies, depending on its focus. There are several tools and guidelines 
for product development strategies, depending if the focus is on quality, timing or adapt-
ing an old product to a new environment. (Heizer & Render, 2014, 203.) 
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5 DEVELOPMENT PROJECT 
In this thesis developing a manufacturing system is conducted as a project for a customer 
of Incessant Ltd. Incessant Ltd. is a company founded in 2008 that provides development 
services to its customers. In this case the customer is a small-sized manufacturing com-
pany producing metal products for industrial uses. In the most manufacturing cases of 
the company, the completed products are assembled from separate metal pieces with 
brazing. The manufacturing system functions completely manually and the goal of the 
development project is to improve it to a semi-automated level, consequently increasing 
the efficiency of the whole system. Due to confidentiality reasons detailed information 
about the company or its products are not provided in this thesis and the focus is on the 
manufacturing system itself. 
5.1 Previous manufacturing system 
In the manufacturing process of the company small-sized metal pieces are being brazed, 
cooled and later assembled to the final product. One of the products consists of three 
pieces of brazed assemblies and this thesis focuses on this brazing phase of the manu-
facturing system. The products are sold for industrial purposes but more specific infor-
mation is not provided in this thesis. 
The materials being assembled are stainless steel and tungsten carbide. The pieces are 
rather small and the size of the joint area is 4 times 9 millimetres. A suitable filler metal 
for the materials is being used and it consists of copper, zinc and nickel. The filler metal 
has good qualities in strength since a high tensile force, approximately 500N/mm2, is 
applied to each product when in use. An appropriate flux is being used and it is a type 
designed for this specific filler metal. The heat for brazing is applied with a manual torch 
and the gas is a mixture of acetylene and oxygen. The melting point of the filler metal is 
990° Celsius and is therefore the operating temperature being used. 
Before developing the manufacturing system, the brazing process functioned completely 
manually. In the first step a production employee prepares the brazing process by placing 
the assembled metals on a support and then adds the filler metal. The pieces are then 
being shifted to the next employee who brazes the assembly by using a manual torch. 
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Next, the pieces and supports are moved on a table to cool and the first employee re-
moves the assemblies from the supports. Lastly, the same employee cleans the supports 
with water and angle grinder and returns them to the beginning of the system. Mean-
while, the second employee only focuses on performing the brazing operation since its 
duration is as long as the other operations combined. 
The manufacturing system is used for producing similar products in two different sizes. 
Assemblies are piled on the supports in batches. 5 pieces of small assemblies and 3 
large assemblies fit on one support and the supports are always fully loaded. This thesis 
focuses on the larger assembly when examining the previous system, since it is pro-
duced in larger quantities and more frequently than the smaller one. The whole system 
occupies space for approximately 20 square meters. Cleaning the supports reserves the 
largest area since the operation requires a water container and a table. The actual braz-
ing occupies the smallest area and is placed in the corner of the system due to the heat 
it produces. 
The process is designed to be carried out by two employees, one of which places the 
pieces on the supports and the other one performs brazing. However, since the orders 
have become larger and more frequent, one extra employee has lately been required. 
This employee also participates in placing the parts on the supports and helps with shift-
ing and cleaning. When performed normally by two employees, the capacity of the man-
ufacturing system is 57 assemblies per hour and 228 per day. That is because the em-
ployee responsible for brazing has several other tasks and the time reserved for the 
brazing process is four hours a day. Three assemblies being required for the final prod-
uct, approximately 76 finished products are produced each day. Consequently, the value 
of one employee’s work is 38 products a day and the productivity of the system is 57 per 
hour when the system is running. 
5.1.1 Challenges 
The current manufacturing system of the customer faces various challenges, the most 
notable of which is the low volume of the production. The system produces products in 
small batches, since 3 assemblies of larger pieces are placed on one support. The pro-
cessing time of one batch is 360 seconds. Both operations, placing and brazing, take 
180 seconds each, shifting and cleaning the supports being included in the placing op-
eration. However, even if several employees would participate in placing the parts, the 
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speed of the production system is still determined by the brazing operation. As a result, 
a constant bottleneck is caused by the brazing operation if more than one employee 
places the parts. Incomplete assemblies pile up and the waiting time of the assembly 
increases. If more employees would be recruited to perform the brazing operation, the 
bottleneck would probably decrease but this solution would require investments for the 
equipment and maintain high manufacturing costs. 
Due to a rather time-consuming manufacturing, the company is not able to fulfil all the 
orders of its customers and its delivery times are long. The orders and deliveries are not 
in a balance since the demand of the product is higher than the output volume. Predict-
ability of manufacturing is also rather difficult since the production relies on the employee 
responsible for brazing. In addition, when examining the costs of the final product, the 
share of the manufacturing costs is high compared to the raw materials, storing or trans-
portation costs. The raw materials itself are rather inexpensive but the manufacturing 
increases the price not adding comparably enough value to the finished product. Since 
the manufacturing is slow and requires manual performing by several employees the 
costs are difficult to decrease by other actions. 
When considering quality, manually performed system experiences some challenges. 
Even though the strength of the created joint is good, its tolerances are comparably high. 
Small metal pieces are difficult to place accurately by hand and therefore vary notably 
by place when being assembled. Minor alteration in the place of the brazed piece does 
not result in a reduced quality of the final product. However, predicting quality is rather 
difficult, as well as estimating the ultimate average strength of the product when the tol-
erance is high. 
Lastly, safety issues are one of the challenges of the current system since manually 
performed tasks tend to expose employees to higher risks. The heat produced in manual 
torch brazing creates dangerous situations for the employees since the flame is easily 
accessible for external factors. When performed manually the torch may be easily con-
trolled to point in the required direction but it can accidentally turn to a wrong one when 
controlled by human. Working with heat and direct flame always exposes employees to 
risks and they should be minimized as effectively as possible. 
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5.1.2 Requirements and expectations for development 
Due to efficiency, manufacturing speed and safety issues the company decided to invest 
in a development service, aiming to improve its manufacturing system. The target is to 
create a system which would not possess bottle necks nor rely on a performance of a 
single employee. The decision was to improve the system by replacing some manually 
performed operations with machines. This solution would release the bottle neck, stabi-
lize the production speed and make the manufacturing more efficient and predictable. 
The upcoming system is going to be conducted as a project and it is executed by Inces-
sant Ltd. as a development service. The customer has given the requirements for the 
project, such as a budget, schedule and the extent of space available. The exact budget 
is only known by the development team and it includes all the purchases and equipment, 
such as machines, materials and supports. The available area for the new system is a 
rectangle of its shape and its size is six times three meters. All the equipment, tables and 
paths for shifting and moving must fit inside this area. 
The target for finishing the project is in April 2018. The performance of the new system 
is then evaluated by using a measurement chart designed for the project. The measure-
ment chart can be found in the attachments of this thesis. Different parameters, such as 
lead time, productivity and duration of the process, are examined in the chart before 
starting the project. Targets for each parameter are calculated and filled in the chart and 
are used for guidance when developing different aspects. When the project is finished, 
the results are filled in the chart and compared to the previous results and targets. 
The aim of improving the manufacturing system is to increase the productivity of the 
system and enable faster and more predictable production speed than before. It is cal-
culated that if the brazing operation took 90 seconds, a steady manufacturing speed 
would be achieved. That is because other tasks of the process take 180 seconds when 
performed by one employee and it halves with two. If the brazing speed can be devel-
oped faster than 90 seconds, it provides more flexibility and is therefore desirable but 
not necessary. In this case, more employees could be added in the placing operation 
and it would consequently increase the output. 
If the brazing operation reached the speed of the placing, the capacity of the system 
would be 114 assemblies in an hour. This would be a remarkable improvement since it 
would lead to 190 completed products in a day, instead of 76. Consequently, the most 
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long-lasting operation would be placing the pieces and its flexibility is convenient for the 
system. More placing stations are easily inserted if the orders increase remarkably. The 
stations do not require many special equipment and are therefore low investments. Due 
to this kind of system the customer would be able to fulfil its orders when the output is in 
a balance with orders.  
In addition to increased efficiency and productivity the new system is desired to function 
more hours per day than the previous one. The previous system functioned for approxi-
mately four full hours per day due to other mandatory tasks of the brazing employee. If 
this employee was replaced by a machine the production system would not be de-
manded to stop during the working time, which is eight hours a day. Consequently, the 
output per day is estimated to increase remarkably due to increased operation times and 
productivity. Releasing employees for other tasks would also improve the performance 
of the company since more time is reserved for other tasks, such as designing and de-
veloping products and systems. 
5.2 System development and management 
When it comes to manufacturing strategy, the company follows one including features 
from make-to-order and assemble-to-order strategies. When a customer places an or-
der, manufacturing is activated and the products are assembled from parts according to 
the order. However, since the demand is rather steady, some products are occasionally 
produced to the stock. Fortunately, the physical size of the product is small, so storing 
them is not comparably expensive or challenging. The parts used by the company gen-
erally suit for many of their products which is typical for an assemble-to-order strategy. 
The manufacturing system is aimed to be developed by following some guidelines of 
lean. The inventories are targeted to be kept low, especially work-in-process inventories. 
As many pieces as possible are chosen to be standard parts or suitable for multiple 
products to enable flexible usage and ordering. The system is targeted to maintain righto-
mation and utilize its resources effectively. These aspects are kept in mind when man-
aging the development and making decisions concerning the new manufacturing system. 
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5.2.1 Finding the right level of automation 
Before beginning to redesign the manufacturing system a careful examination of the old 
system had to be made. Finding the right level of automation individually for this manu-
facturing company was essential to achieve the full utilization of its machines and avail-
able resources. Previously presented Figure 4. Level of technology, can be applied to 
serve as a guideline for this case. When examining the production volume and the vari-
ation of the products, the result seen from the chart is a little lower than a medium level. 
According to this result, it might not be beneficial to automate most of the system, but 
rather choose one or few operations for the target of investments. 
To comprehend the system more clearly, process charts of two different situations were 
sketched. The first situation occurs when the number of products determined by the or-
ders can be assembled by two employees, one of which performs brazing and the other 
one placing, cleaning and shifting. This situation is illustrated in the Figure 7 below. 
 
Figure 7. Process chart, two employees. 
The operations with a grey background, placing and cleaning, are performed by the first 
employee and are both included in the 180 seconds designated in the figure. This time 
also contains shifting between processes, which is not further specified in the chart due 
to its short durability and occasional alteration. Since cleaning does not occur in the end 
of every cycle but is performed in batches when several supports have piled up in the 
cooling station, a separated cleaning time is not specified in the figure either. Brazing is 
the only task of the second employee and is marked with yellow in the figure. Cooling 
occurs between the brazing and cleaning times and does not require performance from 
the employees. 
When only examining Figure 7, the manufacturing system seems rather constant and 
reliable. However, when the situation two takes place and two employees are performing 
the placing operation, the chart appears totally different. This is illustrated in the Figure 
8. 
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Figure 8. Process chart, three employees. 
In this process chart, the same designations apply as in the previous figure. As per-
ceived, the brazing operation forms a bottle neck in a situation where more than one 
employee participates in placing. Below brazing operation, the boxes illustrate supports 
carrying products that are waiting to be processed. Idle time refers to this waiting time in 
seconds and is calculated in the figure for the first six supports. Idle time seems to in-
crease by 180 seconds after every second support. After a while, the idle time of a sup-
port will escalate to several minutes.  
Having considered the operations and possibilities for automation with the help of the 
process charts, it was confirmed that at least brazing operation would have to be auto-
mated. Automating brazing is rather simple and inexpensive and would fit in the budget 
of the customer. When considering automating the placing operation as well, the small 
size and required precision of the pieces would require an advanced industrial robot to 
perform the task. The budget of the customer would not cover the costs of a robot so 
automating placing operation was discarded. In addition, when comparing the costs of a 
robot to the increased efficiency it provided, the investment would not be profitable for a 
small-sized manufacturing company. 
Cleaning and shifting being insignificantly small operations when comparing them to the 
lead time of the product, automating them would not be profitable in this state. For that 
reason, the only operation considered beneficial for automating was brazing, and was 
therefore agreed to be confirmed in the development plan. With this plan rightomation is 
targeted to be achieved, as well as the full utilization of the machines and resources. 
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5.2.2 Designing the layout 
Having decided the operation to be automated, a new layout had to be planned. The 
best option turned out to be designing a product layout where placing is conducted man-
ually and the brazing operation functions with a low level of assistance, which in this case 
is supervising the process. In this layout, placing operation is located in the beginning of 
the system and is performed on wheeled tables. Employees place the pieces on special 
supports and add the filler metal ready for brazing. The tables are then rolled to the 
beginning of a conveyor, which is designed to move the parts through the brazing oper-
ation.  
Supports are shifted manually on the conveyor and the tables are rolled back to the 
placing station. The conveyor moves with a steady speed and an accurate position of a 
support is ensured with the help of two guidance blocks on the conveyor. Two torches 
meant for semi-automated brazing are placed next to the conveyor and they melt the 
filler metal when the parts are shifted past. In the end of the conveyor the supports slide 
on a slope to a table where they cool for an appropriate amount of time. Lastly, an em-
ployee removes the assemblies from the supports, cleanses them and returns them to 
the placing stations. A sketch of the layout is visualized in the Figure 9 below. 
 
Figure 9. Designed layout. 
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The system requires careful designing and the supports, conveyor and torch need to be 
precisely chosen. A good support is simple and easy to use when the parts are being 
placed on it. It provides accuracy and has a low chance for mistakes. Support must be 
precisely located on the conveyor with a 45-degree angle to achieve accurate and repet-
itive quality. To enable the easy guidance of a support, its edges must be smooth and 
even. The supports used in the old manufacturing system are therefore not prospective 
options anymore and new ones must be designed.  
The conveyor must be durable for high temperatures since it is exposed to a direct flame. 
Its length depends on the efficiency of the torch and the more powerful the torch is, the 
faster the brazing operation is. This would result in a short conveyor, which saves space 
and probably financial resources. A good torch is consequently powerful and reaches 
the temperature of 990° Celsius fast. The temperature of the flame must be steady and 
adjustable since smaller pieces require less heating than larger ones.  
The wheeled tables do not have to be durable for a direct flame but must be suitable to 
be used next to high temperatures. A table must be able to carry at least 100kg over a 
square meter, which is the weight of the maximum load. The table has to have a good 
movability and an ergonomic height, preferably adjustable for the employees. The slope 
and the table in the end of the conveyor must endure high temperatures since they hold 
the heated supports. 
5.2.3 Managing the project 
Since the development project had many requirements, high goals and a targeted finish-
ing time, a precise project management was essential for managing the project. The 
management was started by listing the required qualities for the project and the new 
system and the limitations the customer had determined. The next step was to create a 
schedule for the project which it was first sketched by using Microsoft Excel. A detailed 
schedule was created on Microsoft Project Plan, including the beginning and end dates 
of the tasks and a demonstrating Gantt chart. The schedule consisted of bigger steps, 
such as ordering and assembling, and smaller steps, like preparing, designing and shar-
ing information. 
Since the project included various components and delivery times, comprehending the 
relations between the components was necessary. This was achieved with a system 
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chart, which is included in the attachment 2. In the chart, factors that affect the success 
of the project are being examined carefully. The chart consists of different components 
and includes arrows demonstrating the relations between the components. 
Success of the project is in the middle of the chart since it is the main perspective of the 
project. Everything else is considered as tools to achieve it and are therefore marked as 
external factors. Three aspects affecting directly the main goal are costs, schedule and 
quality of the system. Together they form a successful project, if well executed. Other 
components in the chart have an indirect impact since they affect the project through 
these three components. The arrows between the components indicate the relations be-
tween the objects. With the help of this chart, a deeper consideration of the effects of a 
component could be determined and managing risks became easier since it was visible 
how a delay or problem would affect the progress of the whole project. 
The emphasis of the company about the directly affecting aspects was found out before 
beginning the project. The company valued the quality of the system most since the 
manufacturing system is targeted to function as effectively as possible. Since the new 
manufacturing system is a long-term investment, valuing its quality is reasonable for a 
short and long run. Cost of the project is also an important factor since the company is 
rather new and small. For that reason, exceeding the budget without a valid reason is 
not accepted by the company. Lastly, the schedule of the project is also important since 
the faster the new manufacturing system is available the more products the company is 
able to deliver. However, quality being more valued in this case, the schedule may be 
flexible if required by quality issues and well considered. 
5.3 Progress of the project 
Having completed the detailed design of the project, proceeding was started according 
to the project plan. The first step in the plan was to design the new supports that suit for 
the upcoming system. The supports were designed by using Solid Works and then laser-
cut according to the drawings. The material used for the supports was a metal sheet with 
a thickness of 4mm. The supports were developed several times and had to be designed 
individually for both product sizes. Supports being finished, products fit precisely and had 
a low tolerance for mistakes. Supports also had smooth and even edges to allow guid-
ance from the blocks on the conveyor. 
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During the development phase of the supports a brazing torch was ordered from a local 
company. The best option for a torch ended up functioning with propane and oxygen and 
is suitable for automated brazing. The torch arrived two weeks later than expected due 
to reasons of the delivering company. When the torch had arrived, the test brazing could 
be started. The aim of the test brazing was to measure the time required for the torch to 
melt the filler metal. As seen in the system chart, the brazing time has an impact on 
choosing the conveyor because it determines its length and speed. Due to the properties 
of the filler metal and the heat absorbing tendency of the support the torch was not able 
to heat the assembly enough in the test brazing. The support was then lightened by 
cutting off extra material and including special holes on the sides. In addition, the com-
pany noticed its necessity for a new type of filler metals that would suit better for the 
current situation. 
The next step in the project plan was to order a conveyor according to the results re-
searched in the test brazing. However, due to the unexpected necessity of purchasing 
new filler metals, ordering the conveyor was postponed. Since the physical properties of 
the conveyor depend on the torch and the filler metals, an order could not have been 
placed before receiving the new filler metals. The metals were agreed to be ordered from 
a global company located in the United Kingdom. An international expert from the com-
pany assisted with choosing the proper filler metals and fluxes for the current situation. 
The filler metals had to be suitable for both base metals and the used temperature and 
to suit for automated torch brazing. 
During ordering and waiting for the filler metal delivery, designing the work stations of 
the employees was started. Proper wheeled tables were searched and the placing oper-
ation with the new supports was tested by the employees. The first approach of the em-
ployees was sceptical since they were concerned about the complexity of the new sup-
ports. However, having tried them for a while, the employees confirmed the supports 
being appropriate also from the perspective of the placing operation. Due to the approv-
als of all the relevant aspects of manufacturing, supports were confirmed to be com-
pleted. 
Having noticed that ordering filler metals would delay the project excessively, the com-
pany decided to postpone the finishing day and design a middle goal for the development 
team. The middle goal was to find new filler metals and fluxes that suit the upcoming 
manufacturing, proceed the project until the filler metals arrive and prepare the upcoming 
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stages of the project. A new finishing day for the project would be designed after receiv-
ing the metals. The project would then continue as planned and the measurements will 
be compared in the chart as agreed. 
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6 EVALUATION OF THE PROJECT 
The evaluation of the project focuses on examining the success of the project and its 
results. As considered in the system chart, three main aspects jointly form the success 
of this project. These aspects are costs, schedule and quality of the system. The costs 
of the project fit in the planned budget and cover, for example, two torches, development 
of the supports and other purchased equipment until now. The upcoming purchases for 
completing the project will be, for instance, a conveyor, table in the end and guidance 
blocks. The budget has resources for them and will most likely be sufficient. Accordingly, 
the project has succeeded from the cost aspect and fills the requirements. 
When considering schedule, the project faced various challenges. Due to late deliveries 
and unexpected orders, the first goal of the project was not achieved according to the 
schedule. Even though the reasons for delay were not depending on the development 
team, the delay affects the success of the project. However, the second goal, which was 
finding the filler metals, forward the project and prepare the upcoming steps, was 
achieved on time. All in all, from the schedule aspect the project did not manage per-
fectly, but sufficiently in the end. 
Quality was emphasized in this project since the upcoming system is going to function 
for a considerably long period of time. The quality of the current purchases fills the re-
quirements so far and the quality of the supports is remarkably good. The supports allow 
a low chance of mistakes and therefore decrease defaults and tolerances in the final 
product. Repeatability, production speed and safety can not be evaluated at this state 
but will be considered when the system is completed. When considering the properties 
and melting ability of the new torch, the duration of the brazing operation is able to reach 
the target of reducing brazing time with 90 seconds. From the quality of the system as-
pect the project managed well until this point. 
6.1 Challenges and solutions 
The project faced various challenges, the most notable of which was the unexpected 
necessity of new materials for the assembly process. When the challenge appeared, 
there were two options to cope with the problem. The company could have postponed 
the change of the filler metals and proceed with the project as planned. However, since 
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the change was unavoidable and had to be done after all as soon as possible, choosing 
this option would result in more challenges in the future. If the system would have been 
developed based on the properties of the old filler metals, the system might not function 
perfectly with the new ones. Therefore, the company chose another option to manage 
the challenge. They allowed a delay in the project in order to ensure a premium quality 
of the new system. Since the new system is a long-term investment and the products it 
produces are in the early phase of their life cycle, achieving a highly efficient system was 
seen more beneficial than a fast substitute.  
If the case was producing a new seasonal innovation with a lot of competition in the 
market, the decision might have been different. In these cases, responding the demand 
before others provides a remarkable advantage and probably results in getting the prod-
uct widely adopted by resellers. On the contrary, when talking about an already existing 
product with a steady demand and a foothold in the market, emphasising the long-term 
manufacturing pays off in the future. 
Another challenge that came up during the project was the functioning of the supports. 
The produced product being complex and consisting of multiple parts, special supports 
are essential for the brazing process. When the supports were developed, the focus was 
on the precise and simple placing and the ability to hold the pieces exactly in place. 
However, when the torch was tested, it became clear that the supports absorbed too 
much heat. The solution was to lighten the supports by cutting off extra material and 
adding holes to the sides. Since the supports had to be developed further, more time 
was consumed than what was reserved for it in the project plan. If the heat absorbing 
tendency of the support material had been notified in the beginning of the development 
phase, material and time would have been saved. 
The last notable challenge the project encountered was related to communication and 
its estimation in the schedule. Since the project included both local and international 
communication, estimating the time for receiving an answer was challenging. Receiving 
an email sometimes took one day when sometimes it required a whole week. Due to 
these alterations, estimating the progress depending on external factors or information 
caused complexities. Nevertheless, communication inside and between Incessant Ltd. 
and its customer was efficient during the project. 
All in all, the challenges of the project were mostly unexpected but solved reasonably. 
Some challenges could have been avoided by having a more thorough examination of 
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the conditions in the beginning. A practical way of solving challenges turned out to in-
clude good internal communication and considering multiple aspects of all the decisions 
before making them.  
6.2 Conclusion and future of the project 
The company receiving development service from Incessant Ltd. is altogether satisfied 
with the provided service until now. The quality of the system was valued as agreed 
during the project, so the fact that the final completion of the new system delays for some 
time is not a major issue. The new filler metals will most likely improve the quality of the 
products and enable the final automation of the brazing operation. As seen in the meas-
urement chart, the productivity and efficiency of the system are predicted to increase 
remarkably which will improve the output of the manufacturing and consequently deliv-
eries. In addition, releasing one employee to improve products and systems allows fur-
ther development of the company and its products. 
A clear understanding of the upcoming stages must be researched since the first goal of 
the project is not yet achieved. The next step after receiving the new filler metals is to 
conduct a new test brazing and order a conveyor and its guidance blocks according to 
the results. Companies selling conveyors have been compared previously and the one 
offering the best quality-price ratio has been found. After receiving the conveyor, the next 
step is to install the components of the system and assemble the placing stations. This 
being completed, the results are measured and filled in the measurement chart. The 
results are then compared to the previous performance and conclusions about the im-
provement are made. Incessant Ltd. will participate supporting the project until its com-
pletion and examine the results in the end. 
To provide a clear understanding of the condition and competitivity of the company a 
SWOT-analysis has been sketched based on the current situation.  SWOT-analysis is a 
tool that helps becoming aware of the strengths, weaknesses, opportunities and threats 
a company experiences. Strengths and weaknesses focus on the internal situation of the 
company while opportunities and threats represent the external factors, focusing on the 
future (Kamensky 2000. 172). This analysis is made for the customer of Incessant Ltd. 
and represents the situation of preparing a new manufacturing system taking place soon. 
This SWOT-analysis is shown in the Figure 10 below. The analysis in this thesis only 
shows the aspects that the company allows to be presented openly. 
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Figure 10. SWOT-analysis. 
Strengths and weaknesses in the analysis describe the current situation of the company 
and help with finding out the things that should be valued and paid attention to. Oppor-
tunities and threats are considered both from the company’s aspect and from the per-
spective of the new system’s introduction. It is advantageous to be prepared for the chal-
lenges the new system may cause and to be aware of the possibilities it may provide. 
The best utilization of the new system can be achieved with a careful preparation and 
quick reactions to the challenges throughout the whole project. 
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